###### Key messages

The results of our study indicate that about 1 in 10 patients visiting the dentist for dental problems has hyperglycemia (blood glucose ≥200 mg/dL), regardless of the history of diabetes. Of these patients, approximately one in three had no history of diabetes.The enrolled patients were classified into three groups (mild, moderate, and severe) for periodontitis; the severe group had the highest proportion of patients with hyperglycemia (p\<0.0001).The prevalence of diabetes in the patients with dental issues in the present study (23.9%) is much higher than the estimated prevalence (7.6%) in the Japanese population. This report describes the need for general dentists to assist physicians by screening patients for hyperglycemia.

The early diagnosis and treatment of diabetes is important to reduce the associated public health and economic burden, particularly because approximately half of the patients with diabetes are not aware that they have diabetes.[@R1] [@R2] Owing to the increase in advanced glycation end products and change in saliva properties and composition, dental problems, primarily periodontitis and dental caries, occur in patients with diabetes;[@R3] [@R4] unfortunately, the negative relationship between diabetes and dental health is not recognized by the patients with diabetes or their physicians.[@R5] [@R6] In this study, we evaluated whether general dentists can contribute to the detection of patients with undiagnosed diabetes and prediabetes by monitoring blood glucose in dental clinics.

Research design and methods {#s1}
===========================

This study enrolled patients in Japan visiting general dentists who were members of the Ehime Dental Diabetes Study Group and had received training before starting their practice. Patients with edentulous jaws were excluded, resulting in 716 patients who agreed to participate. This study was approved by the institutional review board at Ehime University Hospital, and the study protocol was registered in the UMIN clinical trial registry (UMIN 000014877). All participants provided signed informed consent before undergoing any procedure.

A questionnaire regarding their history of diabetes mellitus (DM) was completed by all of the participants. The periodontal condition was assessed using periodontal pocket depth (PD) and resorption of the supporting bone. The distance from the cement--enamel junction of the tooth to the bone crest was evaluated as interproximal bone loss and calculated as the percentage of the total root length. Tooth stumps and dental implants were excluded. Patients with ≥20 functional teeth (n=528) were divided into three groups according to Kornman\'s criteria for PD and bone loss:[@R7] no to mild periodontitis (mild), moderate periodontitis (moderate), and severe periodontitis (severe).

Samples of finger capillary blood were casually obtained from all patients. Blood glucose was measured using Precision Xceed (Abbott Diabetes Care Inc., Alameda, California, USA).

GraphPad Prism 5 (GraphPad Software Inc, San Diego, California, USA) was used for statistical analyses. The results were compared between those with (DM group) and without (non-DM group) a history of diabetes. Continuous variables were compared using t tests, and categorical variables were compared using χ^2^ tests. One-way analysis of variance followed by Tukey\'s HSD (honest significant difference) test was used to compare the differences between the three groups based on Kornman\'s criteria. p Values \<0.05 were considered statistically significant for all tests.

Results {#s2}
=======

There were 716 patients (313 men and 403 women) who participated, with a mean age of 61.1±14.4 years (range 21--90 years) ([table 1](#BMJDRC2015000151TB1){ref-type="table"}). A history of diabetes was present in 151 patients (21.1%). The mean blood glucose level for all of the patients was 133.0±56.0 mg/dL; of the 68 patients (9.5%) with hyperglycemia (≥200 mg/dL) ([table 1](#BMJDRC2015000151TB1){ref-type="table"}), 20 (29.4%) did not have a history of diabetes.

###### 

Dental patients' characteristics and blood glucose data

                                                     Total        History of diabetes   p Value      
  -------------------------------------------------- ------------ --------------------- ------------ ----------
  n                                                  716          151 (21.1)            565 (78.9)   
  Female/male                                        403/313      77/74                 326/239      0.14
  Age (years)                                        61.1±14.4    66.7±9.9              59.5±15.0    \<0.0001
  Blood glucose (mg/dL)                              133.0±56.0   183.2±73.9            119.6±40.8   \<0.0001
   Hyperglycemia (≥200 mg/dL)                        68 (9.5)     48 (31.8)             20 (3.5)     \<0.0001
  Severity of periodontitis (≥20 functional teeth)   528          94 (17.8)             434 (82.2)   
   Mild                                              187 (35.4)   11 (11.7)             176 (40.6)   \<0.0001
   Moderate                                          286 (54.2)   65 (69.1)             221 (50.9)   \<0.0001
   Severe                                            55 (10.4)    18 (19.1)             37 (8.5)     \<0.0001

Data are represented as n, n (%), or mean±SD.

The mean blood glucose levels were 183.2±73.9 and 119.6±40.8 mg/dL in the DM and non-DM groups, respectively (p\<0.0001). The incidences of hyperglycemia in the DM and non-DM groups were 31.8% and 3.5%, respectively (p\<0.0001).

There were 187 patients (35.4%) in the mild periodontitis group, 286 patients (54.2%) in the moderate periodontitis group, and 55 patients (10.4%) in the severe periodontitis group. The mean blood glucose levels in these groups were 110.0±41.5, 137.6±57.7, and 156.1±71.1 mg/dL, respectively. The glucose level in the mild periodontitis group was significantly lower than the levels in the moderate periodontitis and severe periodontitis groups (p\<0.0001). The glucose level in the moderate periodontitis group demonstrated a tendency to be lower than that in the severe periodontitis group (p=0.07). However, the severe periodontitis group had the highest proportion of patients with hyperglycemia: 5/187 patients (2.6%) in the mild periodontitis group, 25/286 patients (8.7%) in the moderate periodontitis group, and 13/55 patients (22.8%) in the severe periodontitis group (p\<0.0001).

Conclusions {#s3}
===========

In this study, approximately one-quarter of the patients with dental issues had diabetes, regardless of their diabetes history. Furthermore, blood glucose levels were higher with more severe periodontitis in patients without diabetes but who had hyperglycemia.

The prevalence of diabetes in the patients with dental issues in this study (171 patients; 23.9%), as assessed by combining the patients in the DM group with those in the non-DM group with hyperglycemia, is much higher than the estimated prevalence (7.6%) in the Japanese population aged 20--79 years.[@R1] Even when comparing our sample in the same age range (20--79 years), the difference in prevalences remained unaltered (24.2% vs 7.6%). Moreover, the incidence of hyperglycemia in the non-DM group was 3.5%. Diabetes is considered as a risk factor for oral disease including periodontitis and dental caries.[@R4] [@R8] It was also shown that severe periodontitis adversely affects glycemic control in diabetes and glycemia in non-diabetes participants.[@R2] The higher prevalence of DM and hyperglycemia in the current study population compared to the general population compared to the general population was reasonable because of the established relationships of diabetes with oral disease. Strauss *et al*[@R9] analyzed data from the National Health and Nutrition Examination Survey 2003--2004 and reported that 93.4% of patients with periodontal disease met the American Diabetes Association guidelines for diabetes screening. Barasch *et al*[@R10] screened 418 patients in community dental practices by measuring casual blood glucose. Seventy-five patients (18%) had a diagnosis of diabetes or prediabetes, whereas 101 patients (24.2%) had dysglycemia ≥126 mg/dL. Other studies reported that the prevalence of diabetes and prediabetes in the general dental offices was 30--40.7% using glycated hemoglobin (HbA1c) ≥5.7%.[@R11] [@R12]

No particular symptoms were observed in patients with hyperglycemia in the non-DM group. There were 20 patients (13 men and 7 women) with a mean age of 61.9±14.1 (range 31--80 years). The number of their remaining teeth was 22.4±6.5 and similar to that of other patients (22.7±6.4). Of 20 patients, 13 had more than 20 teeth; 2 (15.4%) in the mild periodontitis group, 9 (69.2%) in the moderate periodontitis group, and 2 (15.4%) in the severe periodontitis group. Consequently, a man with greater periodontitis severity might be a risk factor for hyperglycemia.

We believe that our assessment strategy for periodontal status is the most reliable of the methods that could be feasibly performed in the general dental office. We categorized participants with ≥20 functional teeth, which was used as an indicator of reasonable and acceptable oral health,[@R13] using Kornman\'s criteria and assessed capillary blood glucose levels. Since Kornman\'s method is mainly based on measuring bone loss using radiography, its advantages include low levels of human error and the reflection of the cumulative effects of periodontitis. Although clinical factors such as PD, bleeding on probing, and attachment loss are also used to evaluate periodontal status, the integrity of these data to categorize patients with periodontitis depends on the skill of operators and current periodontal condition. Gingival crevicular blood during PD measurement can be used as an alternative for finger capillary blood[@R14] and is reportedly similar to finger capillary blood for testing blood glucose and HbA1c.[@R15] However, gingival crevicular blood is not always observed on probing and cannot be used to monitor patients with mild periodontitis.[@R14] Although HbA1c and high-sensitive C reactive protein are considered objective measures, they require assessment by a laboratory.[@R16] [@R17]

Ten of 716 patients were treated with steroid. Their illnesses were interstitial pneumonia, autoimmune hepatitis, rheumatoid arthritis, and asthma. Of these patients, eight did not have a history of diabetes. The mean blood glucose level for 10 patients with steroid treatment was 132.1±29.6 mg/dL. Although a number of appropriate patients were too small to evaluate the effect of steroid treatment on blood glucose values, it was not apparent that steroid treatment increased the blood glucose levels in our study population.

The time since the last meal was not an essential question in our study, the data from 506 patients were available to analyze. The mean time since the last meal were 3.0±1.3 h and 2.2±1.1 h in the 457 patients without hyperglycemia and the 49 patients with hyperglycemia, respectively (p\<0.0001). The time after a meal was a significant factor in our study to measure the casual blood glucose. Whereas testing fasting glucose is impractical in general dental offices, measuring casual blood glucose might be useful to screen hyperglycemic patients and adequate for our purpose. With consideration for a limitation of the use of casual blood glucose, general dentists would refer patients with hyperglycemia for further examination, diagnosis, and treatment to a medical office.

Periodontitis is the most prevalent chronic disease worldwide,[@R2] and many patients see their dentists more often than their primary care physicians.[@R18] Therefore, patients seeking care for dental problems could be screened for diabetes, especially undiagnosed diabetes. Self-management practices for periodontitis, such as frequent tooth brushing to decrease dental plaque, are reportedly correlated with attitudes about diabetes.[@R19] A dental recall system, which aims to maintain oral health after treatment completion, provides a valuable chance to monitor blood glucose on a regular basis. General dentists could function as valuable practitioners in the total healthcare system, particularly for diabetes.
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